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Abstract

Background Hemodialysis (HD) sessions induce changes in plasma electrolytes that lead to modifications of QT interval,
virtually associated with dangerous arrhythmias. It is not known whether such a phenomenon occurs even during peritoneal
dialysis (PD). The aim of the study is to analyze the relationship between dialysate and plasma electrolyte modifications
and QT interval during a PD exchange.

Methods In 15 patients, two manual PD 4-h exchanges were performed, using two isotonic solutions with different calcium
concentration (Ca**1.25 and Cal.75** mmol/L). Dialysate and plasma electrolyte concentration and QT interval (ECG
Holter recording) were monitored hourly. A computational model simulating the ventricular action potential during the
exchange was also performed.

Results Dialysis exchange induced a significant plasma alkalizing effect (p <0.001). Plasma K™ significantly decreased at
the third hour (p <0.05). Plasma Na* significantly decreased (p <0.001), while plasma Ca*™ slightly increased only when
using the Ca 1.75"* mmol/L solution (p <0.01). The PD exchange did not induce modifications of clinical relevance in
the QT interval, while a significant decrease in heart rate (p <0.001) was observed. The changes in plasma K* values were
significantly inversely correlated to QT interval modifications (p <0.001), indicating that even small decreases of K* were
consistently paralleled by small QT prolongations. These results were perfectly confirmed by the computational model.
Conclusions The PD exchange guarantees a greater cardiac electrical stability compared to the HD session and should be
preferred in patients with a higher arrhythmic risk. Moreover, our study shows that ventricular repolarization is extremely
sensitive to plasma K* changes, also in normal range.
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Introduction

Cardiovascular disease is the leading cause of mortality and
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morbidity in patients receiving dialysis. Among end-stage
renal disease (ESRD) patients on renal replacement therapy,
40% of deaths are due to cardiovascular causes and 60% of
these deaths are on arrhythmic basis [1]. In the hemodialysis
(HD) patient, the high incidence of arrhythmic events may
be partly explained by abrupt changes in plasma electrolyte
concentrations due to the HD session [2, 3].

Hemodialysis sessions induce significant changes in
plasma electrolyte levels and these alterations are partly
dependent on the composition of the dialysis bath [4].
The intradialytic modifications of the electrolytes (in par-
ticular K*, Ca** and HCO;") are associated with changes
in the duration of the ventricular action potential of the
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cardiomyocytes, represented by the duration of the QT
interval as measured by the electrocardiogram (ECG). This
association has been demonstrated both clinically with ECG
recordings [4—8] and with computational data (in silico mod-
els) [9, 10]. A role of electrolyte alterations in the genesis
of arrhythmic phenomena during the HD session and in the
immediately following hours has been hypothesized [11].
Low potassium and calcium concentrations in the dialysis
bath can cause dangerous alterations of ventricular repo-
larization and are associated with an increased incidence
of intradialytic cardiac arrest [4, 12, 13]. Although the
incidence of arrhythmic death is higher than in the gen-
eral population even in patients on peritoneal dialysis (PD)
[14], the role of this treatment in itself in determining the
phenomenon is less evident. In fact, changes in electrolytes
during PD exchanges are less marked and acute than those
occurring during HD sessions. However, a prolongation of
the QT interval was shown to be associated with greater
total mortality and increased cardiac mortality also among
patients on PD [15].

To our knowledge, there are no data regarding QT inter-
val and cardiac action potential modifications during a PD
exchange. The aim of our study is to analyze, in uremic
patients undergoing PD, the relationship between changes in
dialysate and plasma electrolyte concentrations and different
electrocardiographic parameters (heart rate, RR interval and
QT interval) during a 4-h exchange. Moreover, the effects of
the exchange performed with two different concentrations of
Ca™™ in the dialysate (1.25 mmol/L and 1.75 mmol/L) are
analyzed.

Methods
Study participants

This is a single-center study (Dialysis and Nephrology Unit,
IRCCS Multimedica, Sesto S. Giovanni, Italy). All patients
undergoing PD (Continuous Ambulatory Peritoneal Dialy-
sis, CAPD or automated peritoneal dialysis) for at least six
months, who had none of the exclusion criteria and who
agreed to participate in the study were recruited. The recruit-
ment period lasted 18 months (from September 2016 to Feb-
ruary 2018).
Exclusion criteria:

e Patients experiencing acute cardiovascular events (acute
coronary syndrome, stroke) or acute infectious events
(peritonitis, pneumonia, sepsis) in the month preceding
the study.

e Presence of any form of atrial fibrillation at the study
time.
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e Complete bundle branch block at the baseline electrocar-
diogram.

e Therapy with antiarrhythmics drugs of class I and III;
therapy with and any other drug that could affect the
duration of the QT interval.

e Electrically stimulated patients (presence of pace-maker).

For each patient clinical data, cause of ESRD and comor-
bidities (ischemic heart disease, diabetes mellitus, hyperten-
sion, dyslipidemia, stroke/transient ischemic attack, TIA)
were collected.

In 15 patients, two manual PD 4-h exchanges were per-
formed, using two isotonic solutions (two liters of solution,
Physioneal 1.36%, Baxter, USA) with different calcium con-
centration, at least 15 days apart from each other.

The electrolyte concentrations of the two solutions were:

Glucose 13.6 g/L, Na* 132 mmol/L, K* 0 mmol/L,
HCO;~ 25 mmol/L, lactate 15 mmol/L, pH 7.4, Ca**
1.25 mmol/L;
Glucose 13.6 g/L, Na* 132 mmol/L, K* 0 mmol/L,
HCO;~ 25 mmol/L, lactate 15 mmol/L, pH 7.4, Ca*™*
1.75 mmol/L.

The order of administration of the two dialysates was
random. Patients did not change the dialysis treatment the
day before the study (icodextrin or isotonic as prescribed
by their treatment plan for patients in CAPD or automated
night treatment).

Figure 1 shows the study design.

Before baseline blood samples were taken, the patients
remained for an hour at rest in the supine position, with
full abdomen (Baseline). Samples for the measurement of
electrolyte concentration (pH, bicarbonate, sodium, potas-
sium and calcium) in the plasma and in the dialysate were
performed immediately before the beginning of the exchange
and at the end of each of the four hours of exchange (T1-T4).
Electrolyte concentrations were analyzed using direct ion-
selective electrode (D-ISE).

Blood pressure values were monitored at each hour of
the exchange.

Electrocardiographic Holter recordings and analysis

A 24 h ECG Holter monitoring was recorded in each subject.
All recordings were obtained using portable battery-oper-
ated 12-channel Holter recorder (Spyder View recorder).
Holter ECG recording was performed from 60 min before
the start of the dialysis exchange (Baseline) and then for
240 min until the end of the fourth hour.

The digitized channel ECG signals were processed by
the commercially available Synescope Holter analysis soft-
ware (Microport CRM, Saluggia, Italy), which sampled the
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Fig.1 Study design
First Second Third Fourth
Baseline hour (T1) | hour (T2) | hour (T3) | hour (T4)
ECG - Holter recording X X X X X
Blood pressure X X X X X
Plasma samples X X X X X
Dialysate samples X X X X X
Samples time A ’I‘ T A AN

recording into templates obtained by 30-s time intervals.
To improve the signal-to-noise ratio, one median complex
was computed every 6 s from the consecutive sinus beats,
then the five median beats within each 30 s template were
averaged to obtain a single representative PQRST complex
for each of the templates. For each template, an algorithm
automatically measured the QT and the RR intervals (ms).
For each hour, the program provided the mean of QT inter-
vals corrected for heart rate according to the Bazett formula
(QTc). Mean QTc values were analyzed in five one hour
periods: Baseline, First hour (T1), Second hour (T2), Third
hour (T3), Fourth hour (T4). QTc was considered prolonged
when equal to or greater than 450 ms in men, and 460 ms
in women [16].

Computational model

The ventricular action potential was simulated using the
O’Hara et al. model of human ventricular cell [17]. The
O’Hara-Rudy cardiac cell model (ORd) was chosen, as it is,
nowadays, the gold standard in the cardiac computational
scenario since it was developed and validated with data from
over 100 undiseased human hearts.

Model differential equations were implemented in Matlab
(Mathworks Inc., Natick, MA, USA).

The computer simulator was used to reproduce the five
dialysis conditions (baseline, T1, T2, T3, T4) for each
patient. Their plasma Ca**, Na®, K* concentrations and
pH, recorded at each time instance of the protocol, were
set as extracellular concentrations in the model. Heart rate
recorded at each time step of treatment was used as pacing
rate in the simulations. Simulations were performed con-
sidering an in silico M cell and lasted until a steady state
action potential (AP) was reached (typically 1000 beats).
The action potential duration was measured as the interval
between the action potential upstroke and the 90% repo-
larization level of the action potential (APdurationg,). The
AP, durationy, was calculated in the same way as the QTc
interval.

Statistical analysis

Data are expressed as mean (standard deviation) for con-
tinuous variables and as number of patients (percentage)
for categorical variables. The differences of each hour of
dialysis exchange vs. baseline values of hematochemical and
electrocardiographic parameters were tested by analysis of
variance (one-way ANOVA for repeated measures) followed
by Bonferroni’s correction for number of comparisons. Cor-
relations between electrolyte concentration and QT interval
were evaluated by univariate and multivariate regression
analyses. A value of p <0.05 was considered significant.

Results

Table 1 shows the clinical features of the study population.
Forty-seven percent of patients were male, the mean age was
70.9 (12.8) years. Fourteen patients were in CAPD treat-
ment, only one patient in APD; the mean dialytic age was
27.1 (24.0) months.

The mean ultrafiltration during the exchange was 2013
(190) mL. Several changes in dialysate electrolyte concentra-
tions occurred along the dialysis exchange (Table 2). Both
dialysate pH value and HCO;~ concentration significantly
increased from baseline to T4 (from 7.50 to 7.56 and from
27.1 to 29.6 mmol/L, respectively). The potassium concen-
tration significantly raised during the exchange (from 0.78 to
3.31 mmol/L). The sodium concentration progressively and
significantly decreased (from 135.7 to 132.8 mmol/L). The
concentration of calcium tended to lightly increase when the
exchange was performed with the dialysate concentration
of Ca** 1.25 mmol/L/L and significantly decreased with
dialysate concentration of Ca** 1.75 mmol/L (from 1.60 to
1.41 mmol/L).

Dialysis exchange induced a modest, but significant
plasma alkalizing effect, as shown by the progressive
increase in pH values and of HCO;™ plasma concentra-
tion from baseline to T4 (from 7.39 to 7.42 and from 25.05
to 26.54 mmol/L, respectively). Plasma potassium value
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Table 1 Patient characteristics

Patients n (males, %) 15 (7, 47)
Age (years) Mean (SD) 70.9 (12.8)
Dialytic age (months) Mean (SD) 27.1 (24.0)
Dialytic modality n (%)
CAPD 14 (93.3)
APD 1(6.7)
Cause of ESRD n (%)
Ischemic nephropathy 6 (40)
Diabetes mellitus 3 (20)
ADPKD 2(13.3)
Glomerulonephritis 2(13.3)
Obstructive nephropathy 1(6.7)
SLE 1(6.7)
Comorbidity n (%)
Ischemic cardiac disease 5(33.33)
Diabetes mellitus 5(33.33)
Arterial hypertension 15 (100)
Dyslipidemia 12 (80)
Stroke/TIA 1(6.67)
Renal parameters Mean (SD)
Diuresis (mL/24 h) 1287 (550)
Urea clearance (mL/min) 3.10 (1.08)
Creatinine clearance (mL/min) 6.74 (3.36)
eGFR (mL/min) 4.92 (2.08)

SD standard deviation, CAPD continuous ambulatory peritoneal
dialysis, APD automated peritoneal dialysis, ESRD end-stage renal
disease, ADPKD autosomal dominant polycystic kidney disease, SLE
systemic lupus erythematosus, 77A transient ischemic attack, eGFR
estimated glomerular filtration rate (MDRD)

was unchanged except at the third hour when it decreased
significantly compared to baseline (3.96 vs 3.84 mmol/L).
Plasma sodium tended to slightly decrease (from 137.0 to
136.2 mmol/L) and plasma calcium did not change, except
at T3, when it increased significantly, but only with the
dialysate concentration of Ca** 1.75 mmol/L (1.14 vs
1.16 mmol/L, Table 3).

Dialysis exchange did not result in any blood pressure
modifications, but was accompanied by a progressive and
significant reduction in heart rate (from 67 to 64 b/min).
The mean QT interval at baseline was 433 (25) msec. Two
patients (13%) showed higher baseline QTc values than nor-
mal. Considering all 30 dialysis sessions, significant changes
in QTc were not observed. There was a slight prolongation
of ventricular repolarization at the third and fourth hour only
with the dialysate concentration of Ca*™ 1.25 mmol/L (434
vs 438 ms). The RR interval standard deviation showed a
tendency to increase during the dialysis exchange (from 26
to 33 ms), suggesting that the reduction in heart rate could
be partially due to an increment in vagal tone (Table 4).

Five patients showed cardiac arrhythmias in baseline con-
dition (n =3 supraventricular and n=2 ventricular arrhyth-
mias). The dialysis exchange was not accompanied by an
increase in arrhythmic phenomena (rate for hour) compared
to baseline.

The QTc interval modifications measured hourly during
the dialysis exchange (AQTc) were strongly and inversely
correlated to the changes of plasma potassium values
(»<0.001, black dots in Fig. 2, top panel), indicating that
small decreases of potassium are consistently accompanied
by small QTc prolongations. A less pronounced correlation
was also found between AQTc and changes in plasma sodium
levels (p <0.05, black dots in Fig. 2, bottom panel). At mul-
tivariate regression analysis only changes in potassium val-
ues remained significantly associated to AQTc (p <0.0001).
Consistently, model-based simulations, by taking into
account PD-induced alterations in extracellular electrolyte
concentrations, pH and heart rate, reproduced changes in
AP duration in good agreement with the in vivo results on
QT interval. Representative traces of patient-specific action
potentials at two different stages of the dialysis session are
shown in Fig. 3: the [K*], reduction (T3 [K*],=3.65 mM
vs baseline [K*],=3.96 mM) coincides with an increase
in the APdurationg, (T3 APdurationgy =339 ms vs base-
line APdurationg, =324 ms). The computational analysis
confirmed a highly significant inverse correlation between
changes in the heart rate-corrected AP durationy,, the

Table 2 Effect of the dialytic exchange on dialysate electrolyte concentration

Baseline (SD) T1 (SD) T2 (SD) T3 (SD) T4 (SD) ANOVA
pH 7.50 (0.05) 7.54%%* (0.04) 7.55%* (0.04) 7.56%* (0.05) 7.56%* (0.04) <0.0001
HCO;™ (mmol/L) 27.1 (1.7) 27.9 (2.0) 28.7%* (1.9) 29.1% (2.1) 29.6%* (2.4) <0.0001
K* (mmol/L) 0.78 (1.41) 1.82* (0.54) 2.59%%(0.54) 3.04%* (0.59) 3.31%% (0.60) <0.0001
Na* (mmol/L) 136 (3.2) 132%* (2.5) 132%* (2.1) 132%* (2.5) 133* (3.0) <0.0001
Ca*™* 1.25 (mmol/L)# 1.18 (0.11) 1.23 (0.13) 1.25 (0.15) 1.26 (0.16) 1.27 (0.17) 0.0048
Ca*™ 1.75 (mmol/L)# 1.60 (0.16) 1.51 (0.15) 1.45%* (0.16) 1.43* (0.18) 1.41%% (0.18) <0.0001

*p<0.01 vs baseline, **p <0.001 vs baseline, =15

SD standard deviation
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Table 3 Effect of the dialytic exchange on plasma electrolyte concentration
Baseline (SD) T1 (SD) T2 (SD) T3 (SD) T4 (SD) ANOVA
pH 7.39 (0.03) 7.40 (0.03) 7.41*(0.03) 7.41%* (0.03) 7.42%* (0.04) <0.0001
HCO;~ (mmol/L) 25.05 (2.17) 25.61*% (2.22) 26.06** (2.19) 26.08** (1.93) 26.64%*%(2.34) <0.0001
K* (mmol/L) 3.96 (0.63) 3.92 (0.69) 3.92 (0.65) 3.84%% (0.65) 3.88 (0.64) 0.042
Na* (mmol/L) 137.0 (4.5) 136.4 (4.2) 135.7%* (3.6) 135.8** (3.5) 136.2* (3.8) <0.0001
Ca** 1.25 (mmol/L)* 1.15 (0.10) 1.15(0.10) 1.16 (0.10) 1.15(0.10) 1.16 (0.10) NS
Ca™ 1.75 (mmol/L)* 1.14 (0.10) 1.14 (0.10) 1.15 (0.10) 1.16* (0.10) 1.14 (0.10) 0.009
“p<0.05 vs baseline, **p <0.01 vs baseline, *n=15
SD standard deviation
Table 4 Effect of the dialytic Baseline (SD) T1(SD) T2(SD) T3(SD) T4 (SD) ANOVA
exchange on hemodynamic and
electrocardiographic parameters  SBp (mmHg) 124 (18) 125(18)  123(20) 126 (17) 126 (18) NS
DBP (mmHg) 70 (11) 69 (11) 71 (11) 71 (12) 70 (12) NS
RR (ms) 906 (118) 923 (119) 935(125) 943* (133) 949** (134) <0.0001
SD RR 26 (11) 33*%(13) 29 (10) 33%%k(14)  30(13) 0.0105
HR (b/min) 67 (9) 66 (9) 65* (9) 65* (10) 64+* (10) <0.0001
QTc (msec) 433 (25) 435 (26) 435(27) 436 (28) 437 (28) NS
QTc (msec) Ca™ 1.25# 434 (23) 436 (24)  435(23)  437%(23)  438* (24) 0.046
QTc (msec) Ca** 1.75# 434 (28) 434 (28)  434(32) 435(32) 436 (33) NS

*p <0.05 vs baseline, **p <0.01 vs baseline, =15

SD standard deviation, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate

207 R=-0.81 p<0.0001]
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Fig.2 Top: scatter plots and regression lines showing the significant
inverse correlation between AQTc (black)/AAP, duration (white) and
AK™ (top panel) and ANa™ (bottom panel) concentrations computed
over each delta interval T(i)-baseline, i=1,2,3,4 (n=15 patients, two
dialysis sessions with dialysate Ca** concentrations 1.25 mmol/L and
1.75 mmol/L)

Simulated Action Potentials

—IK"] = 4.62mM

[K+]°= 4.45 mM

V (mV)

100 . . . . .
0 100 200 300 400

t (ms)

Fig.3 Example of simulated ventricular action potentials before and
during a dialysis exchange. Simulations were performed using the
following variables as input to the ventricular cell model: measured
plasma K*, Ca**, Na* concentrations and pH value, and pacing at the
recorded heart rate (for baseline: K*=3.16 mM, Cat*=1.27 mM,
Na*=131.8 mM, pH 7.41; for dialysis exchange: Kt¥=2.95 mM,
Ca**=1.29 mM, Na*=130.9 mM, pH 7.44)
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cellular counterpart of QTc, and the corresponding changes
in the extracellular potassium concentrations (p <0.0001,
white dots in Fig. 2, top panel) and also highlighted a slight
correlation between AAP, durationgy, and changes in sodium
plasma levels (p < 0.01). Multivariate analysis showed that
only changes in potassium plasma levels were significantly
correlated to AAP, durationg, (p <0.0001).

Discussion

Our study shows that, during a single PD exchange, the ven-
tricular repolarization does not undergo important modifica-
tions and that an increase in arrhythmic phenomena is not
observed. On the other hand, in an almost surprising way,
all the relationships between cardiac action potential and
electrolytes observed during HD sessions are reproduced [4,
9]. These results are particularly robust, as they are perfectly
confirmed by the computational model. Moreover, the PD
exchange induces a small but significant decrease in heart
rate, probably due to a parasympathetic stimulation, as sug-
gested by the increase of RR standard deviation, occurring
at the same time [18].

A Chinese study [19], including more than 10,000 sub-
jects from a general population, showed that serum potas-
sium is significantly and inversely associated with QTc
interval and the prevalence of QTc prolongation increases
significantly with a decrease in serum potassium values even
within normal range.

Moreover in this study [19] the lowest plasma potassium
quartile was associated with a higher prevalence of QTc
prolongation compared to the highest quartile (OR 1.72),
more evident in females (OR 2.01). Our results are consist-
ent with these epidemiological data, adding an interesting
observation: slight acute modifications of plasma potas-
sium are sufficient to induce small, but significant changes
in the duration of the QT interval. The patient on PD, there-
fore, represents a very interesting “in vivo” model, which
demonstrates the ability of the human organism to finely
adapt ventricular repolarization to the plasma concentration
of potassium. This fact, however, also suggests a clinical
consideration. If the QTc interval is so sensitive to changes
in plasma potassium, and considering that often patients
undergoing PD have low plasma potassium values [20-22],
it would be advisable, at least in those patients with the low-
est plasma potassium values, to use potassium concentra-
tions in the dialysate greater than O mmol/L. In fact, it has
been shown that a low time-averaged serum potassium level
(below 4.0 mmol/L) is associated with higher death risk in
PD patients [23]. These data demonstrate that hypokalemia
is potentially dangerous not only in HD patients, but also
in those undergoing PD. It is interesting to note that the
QTec interval slightly, but significantly increased only with
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the low Ca™™* concentration in the dialysate, suggesting that,
as occurs during the HD session, even a modest increment
of plasma Ca*™* is able to counteract the prolongation of
ventricular repolarization induced by plasma potassium
reduction.

In our study, during the dialysis exchange both dialysate
pH value and HCO;™ concentration significantly increased
and the exchange induced a modest increment of plasma
pH and HCO;~ values. When evaluating plasma and
dialysate electrolyte modifications during a PD exchange
performed with isotonic solution, it is important to consider
that changes in pH and bicarbonate in the dialysis solution
are related to the absence of diffusion of bicarbonate from
the dialysate to the plasma, due to the presence of nor-
mal plasma level of bicarbonate. The observed increase in
plasma pH and bicarbonate is probably due to the absorption
of the lactate, which is metabolized to bicarbonate.

During the exchange, the dialysate potassium concentra-
tion significantly raised, while plasma potassium tended to
decrease. The increase of the potassium in the dialysis solu-
tion is clearly related to the diffusion of potassium due to
the concentration gradient, leading to a slight reduction of
plasma potassium level.

The sodium concentration in the dialysis solution sig-
nificantly decreased, as did the plasma sodium level. The
reduction of sodium concentration in the dialysate at the
first hour is likely due to a sodium dialysate value higher
than expected, probably caused by an incomplete drainage
of the evening exchange (residual volume). Plasma sodium
is slightly reduced during the exchange because, with an
isotonic solution, the sodium diffusion is modest and slow.

Calcium concentration in the dialysis solution changed
in different ways according to the gradient between plasma
and dialysate, gradient due to different calcium concentra-
tion in the dialysis solution. With calcium 1.25 mmol/L,
there was an increase in calcium dialysate concentration
due to the shift of calcium from plasma to peritoneal fluid.
Instead, with calcium 1.75 mmol/L there was a reduction of
calcium in the peritoneal fluid during the exchange due to
the calcium shift from peritoneal fluid to plasma. As a result,
plasma calcium was not modified with Ca*™* 1.25 mmol/L
dialysate, while it slightly increased with Ca*™™* 1.75 mmol/L.

It should be noted that in PD patients, the presence of a
modest alkalosis and an hypokalemia is favored by the pres-
ence of residual renal function; moreover, the possibility
that an inadequate diet could cause a reduced intake of acids
and potassium should not be underestimated. We, therefore,
believe that the use of peritoneal solutions with higher potas-
sium content (K™ 2 mmol/L) could be reasonable.

In this study, the computational analysis was performed
by separately simulating the specific experimental condi-
tions of each patient (electrolyte extracellular concentra-
tions, pH and heart rate) with a mathematical model of
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the human ventricular AP duration, and the AP durationy,
was used as the QTc equivalent. This combined approach,
using experimental and in silico data, has been frequently
and successfully applied to assess the acute effects of
HD-induced electrolyte modifications on cardiomyocyte
electrophysiology and ECG parameters [9, 24, 25]. In this
study, for the first time, the model was applied to analyze
the impact of PD on cardiac electrophysiology. Compu-
tational results strongly support the hypothesis that the
observed QTc alterations can be fully ascribed to the vari-
ations in electrolyte balance rather than to other dialysis-
related factors, which are not included in the model. In
particular, a causal and highly sensitive link to potassium
was pointed out, with very small changes in potassium
concentration able to induce detectable QTc changes.
Notably, we found a quantitative, not only qualitative,
match between simulation results and QTc clinical data,
both in terms of AAP, duration vs AQTc values (reported
on the same scale in Fig. 2), and in terms of their correla-
tion with AK* (regression slopes, Fig. 2).

A limitation of the study is that hourly measurements of
serum magnesium were not available. However, we meas-
ured serum magnesium in § patients at the beginning and
at the end of the 4-h exchange. Basal plasma magnesium
values were in a low-normal range [0.72 (0.18) mmol/L
(normal values 0.66—1.07 mmol/L)] and did not change at
the end of dialysis exchange [0.73 (0.17) mmol/L].

In conclusion, PD is a dialysis treatment that guaran-
tees a greater hemodynamic and cardiac electrical stability
compared to HD and should, therefore, be preferred in
patients with a higher arrhythmic risk. Our study also dem-
onstrates that the ventricular repolarization is extremely
sensitive to changes in plasma electrolyte concentration,
even when they are small and in normal range, and, there-
fore, suggests to pay attention to PD patients who have low
plasma potassium values, in whom the dialysis exchange
could induce significant alterations of the duration of the
QTc interval.
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